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(57) Abstract: The wendon relates 
to compounds of fonnnla (I)wberein 
a dotted line indicates an optionally 
present double bond and wherein Z. 
R^ - R«; n, X\ Y and T have the 
meaning as cited in the description and 
'the claims. Said ccmnoundG ane useful 
as DPP-IV inhibitor. The iir/ep.lioii 
aJso relates to the pmpaiu'iiop of such 
compounds as v/ell as Ibe p:oduc:tion 
• 'and use thereof as medicament- 
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DPP-IV inhibitors 

5 

The present invention relates to a novel class of dipeptidyl peptidase inhibitors. 
Including pharmaceutically acceptable salts and prodrugs thereof, which are useful as 
therapeutic compounds, particularly in the treatment of Type 2 diabetes mellitus, often 
20 refeaed to as non-insulin dependent diabetes mellitus (NIDDM), and of conditions that 
are often associated with this disease, such as obesity and lipid disorders. The 
. invention also relates to a process for the preparation of such inhibitors. 

Diabetes refers to a disease process derived from multiple causative factors and 
15 characterized by elevated levels of plasma glucose or hyperglycemia in. the fasting 
state or after administi^tion of glucose during an oral glucose tolerance test Persistent 
or uncontrolled hyperglycemia is associated with increased and premature morbidity 
and mortality. Often abnormal glucose homeostasis is associated both directly and 
indirectly with alterations of the lipid, lipoprotein and apolipoprotein. metabolism and 
20 other metabolic and hemodynamic disease. Therefore patients with Type 2 diabetbs 
mellitus are at an increased risk of nfiacrovascular and microvascular complications, 
including coronary heart disease, stroke, peripheral vascular disease, hypertension, 
nephropathy, neuropathy, and retinopathy. Therefore, therapeutical control of glucose 
homeostasis-, lipid metabolism and hypertension are critically important in the clinical 
25 management and treatment of diabetes mellitus. 

There are two generally recognized forms of diabetes. In Type 1, or insulin-dependent, 
diabetes mellitus (IDDM), patients produce little or no insulin, which is the hormone 
regulating glucose utilization. In Type 2, or noninsulin dependent, diabetes mellitus 
30 (NIDDM), patients often have plasma insulin levels that are the same or elevated 
compared to nondiabetic subjects. These patients develop a resistance to the insulin 
stimulating effect on glucose and lipid metabolism in the main insulin-sensitive tissues, 
namely the muscle, liver and adipose tissues. Further, the plasma insulin levels, while 
elevated, are insufficient to overcome the pronounced insulin resistance. 
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Insulin resistance is uox primaiily due to a diminished number of insulin receptors but to 
H post-insulin receptor binding defect that is not yet understood. This resistance to 
insulin responsiveness results in insufficient insulin activation of glucose uptake. 
5 oxidation and storage in muscie, and inadequate insulin repression of lipolysis in 
^adipose tissue iand of glucose production and secretion in the liver. 

The available tieatmenty for Type 2 diabetes, which have not changed substantially in 
many years, have recognized limitations. While physical exercise and reductions in 

10 dietary intake of calories will dramatically improve the diabetic condition, compliance 
with this treatment is very poor because of well-entrenched sedentary lifestyles and 
oxcess food consumption, especially cf foods containing high amounts of saturated fat. 
Increasing the plasma level of insulin by administration of . sulfonylureas (e.g., 
tolbutamide and glipizide) or meglitinide, v\rfiich stimulate the pancreatic p-cells to 

is secrete mo»e insulin, and/or by injection of insulin when sulfonylureas or meglitinide 
become ineffective, can result in- insulin concentrations high enough to stimulate the 
very insulin-resistant tissues. Howwer, dangerously low levels of plasma glucose can 
result from administration of insulin or insulin secretagogues (sulfonylureas or 
meglitinide), and an increased level of insulin resistance, due to the even higher 

20 plasma insulin levels, can occur. The biguanides increase insulin sensitivity resulting in 
some correction or hyperglycemia. However, the two biguanides, phenformin and 
metformin, can induce lactic acidosis arid nausea/diarrhoea.. Metformin has fewer side 
effecle than phe^^formin and is ofte*^ prescribed for the treatment of Type 2 diabetes. 

\S The qlitazones (/.o., 5-benzy!it!ia2:Giidine-2,4-diones) are a recently described class of 
compounds v^ith potential for ameliorating many symptoms of Type 2 diabetes. These 
agents substantially increase insulin sensitivity in muscte, liver and adipose tissue ir^ 
several animal models of Type 2 diabetes, resulting in partial or complete correction of 
•he elevated plasma levels of glucose without occun-ence of hypoglycemia. The 

:-o glitazones that are currently marketed are agonists of the peroxisome proliferator 
activated receptor (PPAR), primarily the PPAR-gamma subtype. PPAR-gamma 
agonism is generally believed to be responsible for the improved insulin sensitization 
that is obser\/ed with the glitazones.. Newer PPAR agonists that are being tested for 
ireatment of Typ-e 2 diabetes are agonists of the alpha, gamma or delta subtype, or a 

i.'p; combination of these, and in many cases are chemically different irom the glitazones 
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(/.e., they are not thiazdlidinediones). Seriqus side effects (e.g., liver to)dcity) have 
occurred vwth some of the glitazones, such as troglitazone. 

Additional methods of treating the disease are still under investigation. New 
5 biochemical approaches that have been recently introduced or are still under 
development include treatment with alpha-glucosidase inhibitors (e.g., acarbose) and 
protein tyrosine phosphatase-IB (PTP-1 B) inhibitors. 

Compounds that are inhibitors of the dipeptidyl peptidase-IV (DPP-IV) enzyme are also 
10 under investigation as drugs that may be useful in the treatment of diabetes, and 
particularly Type 2 diabetes. See for example WO-A-97/40832, WO-A-98/19998. 
WO-A-03/180 and WO-A-03/181. The usefulness of DPP-IV inhibitors in the treatment 
of Type 2 diabetes is based on the fact that DPP-IV in vivo readily inactivates glucagon 
like peptide-1 (GLP-1) and gastric inhibitory peptide (GIP). GLP-1 and GIP are incretins 
15 and are produced when food is consumed. The incretins stimulate production of insulin. 
Inhibition of DPP-IV leads to decreased inactivation of the incretins, and this in turn 
results in increased effectiveness of the incretins in stimulating production of insulin by 
the pancreas. DPP-IV inhibition therefore results in an increased leyel of serum insulin. 
Advantageously, since tiie incretins are produced by the. body only when food is 
20 consumed, DPP-IV inhibition is not expected to increase the level of insulin at 
inappropriate times, such as between meals, which can lead to excessively low blood 
sugar (hypoglycemia). Inhibition of DPP-IV is tiierefore expected to increase insulin 
without increasing the rislc of hypoglycemia, which is a dangerous side effect 
associated with the use of insulin secretagogues. 

25 - 

DPP.IV inhibitors may also have other therapeutic utilities, as discussed elsewhere in 
this application. DPP-IV inhibitors have not been studied extensively to date, especially 
for utilities other than diabetes. New compounds are needed so that improved DPP-IV 
inhibitors . can be found for the treatment of diabetes and potentially otiier disease and 

30 conditions. 

Thus, the object of the present invention is to provide a new class of DPP-IV inhibitors 
which may be effective in the treatment of Type 2 diabetes and other DPP-IV 
modulated diseases. 
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Accordingly, the present invention provides novel compounds of formula (I) as defined 
/tithe claims, 

• «>erab!y, the present invention provides novel compounds of formula (1): 



"»r a pHamiaceuticalty acceptable salt thereof, wherein a . dotted line ind'cates an 
optionally present double bond and wherein 

Z is selected from the group consisting of 

phenyl; 

*<aphthyl; 

^'3-7 cycloalkyi; 

haterocyole; and 

heterobicycle; 

whf5»F>in Z is optionally substituted with one, or independently from each other, more of 




(!) 




=0, where the ring is at least partially saturated; 



alkyi, optionally substituted with one or more F; and 
O-Ci-6 all<yli optionally substituted with one or more F; 



R\ R^, R'^. R^ are independently from each other selected fram the gioup consisting of 



H; 
F: 

OH; 



Ci.6 alkyi, optionally substituted with one or more F; and 
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0-Ci^ alkyi, optionally substituted with one or mbne F; 

and/or and optionally form together C3.7 cycloalkyl. which is optionally substituted 
with one or more F; 

and/or R^ and R^ optionally form together C3.7 cycloalkyi, which is optionally substituted 
'5 • with one or more F; 

and/or R^ and R"* optionally fonm together C3.7 cycloalkyl. which is optionally substituted 
with one or more F; 

* and/or R"^ and R^ optionally fonm together C3.7 cycloalkyl, which is optionally substituted 
with one or more F; 

10 

R^ is H or alkyI; 
n is 0, 1 or 2; 

15 X'' is selected from the group consisting of . . 

H; 
F; 

OH; and 

Ci-e alkyI, optionally substituted with one or more F; 

20 

X2 is selected from the group consisting of . 
H: 

F; and 

alkyI, optionally substituted with one or more F; 

R® and R^ form together a ring A, provided that is selected from the group consisting 

of H; F; OH; and alkyl. optionally substituted with one or more F; 

or 

30 R® and R^ form together a ring A, provided that R® is selected from the group consisting 
of H; F; OH; and alkyl, optionally substituted with one or more F; 

A is selected from the group consisting of 
phenyl; 
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wherein phenyl is optionally substituted ivith om •.>»• independently fnDm each 

other, more of 

halogen; 

CN; 

COOH; 

OH; 

C(0)NH2; 
S(0)2NH2; 

alkyi; 
0-Ci^alkyl; 
COO-Ci^ alkyI; 
0C(0)- Ci< alkyI; 
; ••(O)N(R^)- Ci^ alkyI; 
S(0)2N(R")-Ci^ alkyi; 
^>(0)rCi4 alkyI; or 
W(R'')S(0)2-Ci<alkyl; 

wherein each Ci^ alkyI Is optbhally substituted wjth one or more F; 
heterucycle; and 
"•'cloalkyl; 

v-'herein C3.7 cycloalkyi and heterocycle are optionally substituted wrth one, or 

iidependently from each other, more of 

halogen; 

OH; ■ ■ . . . ■ 

=0, where the ring is at least partially saturated; 

NH2 

COOH; 

C(0)NH2; 

S(0)2NH2; 

Ci^ alkyI; 

0-Ci^ alkyI; 

N(RVCi^ alkyI; 

GOO-Ci^ alkyi; 

0C(0)- C1.6 alkyi; • 

C(0)N(R^°)- alkyI; • 
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N(R")-C(0)-Ci^ alkyi: . . ' 

S(0)2N(R^')-Cm alkyi; ~. ■ 

S(0)rCi4 alkyi; or 

N(R")S(0)rCi^ alkyI; 
and wherein R'. R^". R^^ R^^ ar® independently from each other H or alkyI 
optionally substituted with one or more F; 

Yis^or-N(R'*)-; 

R^*, T are independently from each other T--T^ or T^; 

is selected from the group consisting of 
-Ci^alkyl-; . • , 

-Ci< alkyl-0-; and 
-Ci^ alkyl-N(R'^)-; 

wherein each alkyl is optionally substituted with one or more F; 
R^' is H or Ci4 alkyl, optionally substituted with pne or more F; . 
is selected ifirom the group consisting of 

H; 

phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 

other, more of 

halogen; 

CN; 

R^«; 

COOH; 

OH; . 

C(0)NH2; or 

S(0)2NH2; 
C3.7 cycloalkyi; and 
heterocycle; 

wherein C3.7 cycloalkyi and heterocycle are optionally substituted with one. or 
independently from each other, more of 
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halogen; 

' CN; ■ ■ ■ • . •: ■ ■ 

OH; 

=0, where the ring is at least partially saturated; 

NHz 

COOH; 

G(0)NH2; or 

^(0)2NH2; 

R^® is selected from the group consisting of 

Ci^alkyl; 

0-Ci< alkyi; 

GOO-Ci^ alkyi; 

0C(0)- alkyI; 

C(0)N(R^'')- C,^ alkyi; 

;i(0)2N(R")-Ci^ alkyI; . 

S(0)-Ci^ alkyI; 

S(0)2-Ci^ alkyI; and 

N(R'*')S(0)2-Ci^ alkyI; 

wherein each alkyl Is optionally substituted with one, or independently from 
each other, mdre of F, COOR'\ C{0)N(r22r23), S(b)2N(R'''R'5). 0R?^ or 
N(R2'R^); 

is selecAed from the group consisting of . . 

alkyl; ..... • 

O-d^ alkyl; 
N(R^')-Ci-6 alkyl; 
COO-Ci-6 alkyl; 
0C{0)- Ci< alkyl; 
C(0)N(R")- alkyl; 
N(R^)-C(0)-Ci^ alkyl; 
S(0)2N(R2')-Ci^ alkyl; 
S(0)-Ci^ alkyl; . 
S(0)rCi.6 alkyl; and 



.:5 
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N(R22)S(0)2-Ci^alkyl; 

wherein each Ci-6 alkyi is optionally substituted with one. or independently from 
each other, more of F, COOR^. C(0)N(R2^r25). S(0)2N(R2^r2^). OR"^, or 
N(R^R^'); 

R^^ R^^ R^°, R^. R^. R^^ R^^ R^^ ^i^® independently from each 

other H or alkyi. 

Within the meaning of the present invention the temis are used as follows: • 



"Alkyi" means a straight-chain or branched carbon chain that may contain, double or 
triple bonds. It is generally preferred that alkyi doesn't contain double or triple bonds. 
"Ci.6 Alkyi" means an alkyi chain having 1-6 carbon atoms, e.g. methyl, ethyli 
.CH=CH2, -C^CH, n-propyl, isopropyl, -CH=CH-CH3, -CH2-CH=CH2, n-butyl, isobutyl, 
15 .CH=CH-CH2"CH3, -CH=CH-CH=CH2. sec-butyl tert-butyl, n-pentane. n-hexane. or 
amidst, e.g. -CH2-, -CH2-CH2-, -CH=CH-, -CH(CH3)-. -C^CHzK -CH2-CH2-CH2-. 
-CHCCzHs)-. -CH(CH3)2-. Each hydrogen of a Ci^ alkyi carbon may be replaced by a 
substituent; 

20 "C3.7 CycloalkyI" means a cyclic alkyi chain having 3-7 carbon atoms, e.g. cyclopropyl, 
cyclobutyl. cyclopentyl, cyclohexyl, cyclohexenyl. cycloheptyl. Each hydrogen of a 
cycloalkyi carbon may be replaced by a substituent. 

"Halogen", means fluoro, chloro, bromo or iodo. It is generally preferred that halogen is 
25 fluoro or chloro. * . _ . 

"Heterocycle" means a cyclopentane, cyclohexane or cycloheptane ring that may 
contain up to the maximum number of double bonds {aromatic or non-aromatic ring 
which is fully, partially or un-saturated) wherein at least one carbon atom up to 4 

30 carbon atoms are replaced by a heteroatom selected from the group consisting of 
sulfur (including -S(OK -8(0)2-), oxygen and nitrogen (including =N(0)-) and wherein 
the ring is linked to the rest of the molecule via a carbon or nitrogen atom. Examples 
for a heterocycle are furan. thiophene, pynrole. pyn-oline, imidazole, imidazoline, 
pyrazole, pyrazoline, oxazole, oxazoline, isoxazole, isoxazoline, thiazole, thiazoline, 

35 isothiazole, isothiazoline, thiadiazole. thiadiazoline, tetrahydrofuran. 



wo 2005/056013 



10 



PCT/EP2004/014039 



tetrahydrothiophene, pyrrolidine, imidazolidine, pyrazolidine, oxazoHdine, isoxazolidine, 
ifiiazolidine, isothiazolidine, thiadiazolldine, sulfolane, pyran, dihydropyran, 
ri^trahydropyran, imidazolidine, pyridine: pyridazine, pyrazine, pyrimidine, piperazine, 
wipcridine, inorpholine, tetrazole. triazole, triazoiidine, tetrazplidine, azepine or 
homopiperazine. 

-leterobicycle" »Tieans a lieterocycie whicli is condensed witli phenyl or an additional 
.eterocycls to form a bicyclic ring system. "Condensed" to form a bicyclic ring means 
:;hat two lings are attached to each other by sharing two ring atoms. Examples for a 
heterobicycle are indole, indoline, benzofuran, * benzothiophene, benzoxazole, 
benzisoxa2X)Ie, benzothiazole, benzisothiazoie, benzimidazole, benzlmidazoline. 
:»uinoline, quinazoline, dihydroquinazoline, dihydroquinoiiRe. isoquinoline, 
uTtrahydroisoquinoiine. dihydrolsoquinoline. benzazepine, purine or pteridine. 

A prelerrect stereochemistry of compounds according to the present invention is shown 
:n formi^la (la) 



T 

I 




Prefen-ed compounds of fonr.ula (1) or (!a) are those compounds in which one or more 
of the residues contained therein have the meanings given'below, with alj combinations 
of preferred substituent definitions being a subject of th^ present invention. With 
.iBspect to all prefenred compounds of the fomnulas (I) or (la) the present invention also 
includes all tautomeric and stereoisomeric forms and mixtures thereof in all ratios, and 
their pharmaceutically acceptable salts. 



In preferred embodiments of the present invention, the substitue.nts • R®, Z, n, X\ 
X^, Y and T of the formula (1) or (la) independently from each other have the following 
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meaning. Hence, one or more of the substituents - R®, Z, n, X\ X^, Y and T can 
have the prefen^d or more preferred meanings given below. 

Z is preferably phenyl or heterocycle '^nd Z is optionally substituted independently from 
each other with 1 , 2 or 3, preferably up to 2 of CI, F. CN, or alkyl. 

Preferably, R\ R^» R'*, R^ are independently from each other selected from the group 
consisting of H. F. OH and Clb allcyl. 

It is preferred, that R^ is H. 

Preferably, n is 0 or 1 , more preferably 1 . . . 

Preferably, and X^ are independently from each other H or F. 

It is prefen-ed, that R^ and R^ fomi together a ring A and R^ is H or F. 

Preferably, A is selected from the group consisting of 
phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 
other, more of 

halogen; . : . ^ 

CN; 

COOH; 

OH; 

C(0)NH2; 
S(0)2NH2: 
alkyJ; 
0-Ci^ alkyl; 

COO-Ci^ alkyl; • • 

0C(0)- alkyl; 

C(0)NH- alkyl; 

S(0)2NH-Ci^ alkyl; 

S(0)2-Ci.6 alkyl; or 

NHS(0)2-Ci^ alkyl; 
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and 

C3.7 cycloalkyi; 

wherein C3.7 cycloalkyi is optionally substituted, with one, ot independently from 

each other, more of 

halogen; 

CN; 

OH; 

=0, where the ring is at least partially saturated; 
NH2 

10 COOH; 

C(0)NH2; 

S{0)2NH2: 

Ci^alkyl; 

0-Ci^aikyl; ' , . 

13 NH-Ci^ alkyi; 

?)00-Ci.6 alkyI; 

0C(0)- alkyI; 

• •(0)NH- Ci< alkyI; 

NH-C(0)-Ci^ alkyi; 
>.0 S(0)2NH-Ci< aikyl; 

S(0)2-.Ci.6 alkyI; or 

NHS(0)2-Ci^ alkyI; 



V is preferably -N(R^V and R^^ is H or alkyI, more preferably H or methyl, most 
25 preferably H. •• 

T is preferably and is H. ' , . . . 

in embodiments T is preferably and is C3.7 cycloalkyi, preferably cyclopropyl or 
30 cyclobutyl, more preferably cyclopropyl, whereby cydoalkyi may be substituted with 1 
or 2, preferably 1. of halogen; CN; OH; NH2 COOH; C(0)NH2; or S(0)2NH2, more 
preferably COOH or C(0)NH2. 

Freferably. TMs Ci .6 alkyl. 



35 
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It is preferred, that is selected from the group consisting of 
phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 
other, more of 
5 halogen; 
CN; 
COOH; 
OH; 

C(0)NH2; or 
10 S{0)2NH2; 
and 

cycioalkyl; 

wherein C3.7 cycloalkyi is optionally substituted with one, or independently from 
each other, more of 
15 halogen; 
CN; 
OH; 

=0, where the ring is at least partially saturated; 
NH2 

20 COOH; 

C(0)NH2;or 
S(0)2NH2. 

In one embodiment, is preferably heterocycle, whereby heterocycle may be 
25 substituted with 1-3. preferably 1 or 2. substituents selected from halogen, CN, O-C1.4 
alky], Ci^ alkyi or S(0)2CH3; preferably, the heterocycle Is aromatic, more preferably 
containing 1 or 2 heteroatoms selected from N and O, most preferably N. Particularly 
prefen^ed is pyridyl. 

30 In one embodiment, T^-T^ is preferably S(0)2-Ci^ alkyl. preferably S(0)2-methyl. 
The following definitions for Y-T are also preferred: 



35 



- Y-T is NH-T and T Is T^-T^. in this case, T^-T^ is preferably a group as defined 
below. 
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In one embodimenl, i ^r^ js preferably CH2-phenyl>= whereby . phenyl . may . be 
substituted with 1-3, preferably 1 or 2, substituents selected from halogen, CN, 0-Ci^ 
alkyi, Ciu^alkyl or S(0)2CH3. preferably phenyl is unsubstituted or substituted by 1, 2 or 
5 3 halogen, such as F. 

In one embodiment. T^-T^ is preferably CH2-heterocycle, whereby heterocycle may be 
substituted with 1-3, preferably 1 or 2, substituents selected from halogen, CN. 
alkyI, alkyI or S(0)2CH3; preferably, the heterocycle is aromatic, more preferably 
containing 1 or 2 heteroatoms selected from N and O, most preferably N. 
10 In one embodiment, T^-T^ is preferably CHz-Ca-r cycloalkyi, preferably CHa-cyclopropyl 
or CH2-cyclobutyl, more preferably CH2-cyclopropyl, whereby cycloalkyi may be 
substituted with 1 or 2, preferably 1, of halogen; CN; OH; NH2 COOH; C(0)NH2; or 
S(0)2NH2, more preferably COOH or C(0)NH2. 

In one embodiment. V-T^ is preferably Ci^alkyl, preferably methyl, or ethyl, whereby 
15 methyl may be substituted with 1 or 2 F and ethyl may be substituted with 1 to 4. 
preferably 3, F. Examples of substituted C1.4 alkyI include CHF2. CH2CHF2, CH2CF3. 
CF2CH3 or CH2CH2CF3. 

In one embodiment^ '^/''-T^ is preferably Ci-4 aikyl-0H, preferably CH2-OH, CH2CH2-OH 
v/j of CH2CH2CH2-OH. 

;n one embodiment, T^-T" is preferably Ci^ alkyl-O-Ci-4 alkyI, preferably CH2-O-CH3. 
CHzCHg-O-CHa or CH2CH2-O-CH2CH3. . 

In one en>bodiment, T^-T^ is preferably S(0)2-Ci-4 alkyl, preferably S(0)2-methyl. 
:v. . Y- T is NH-T and T is T^. In this case, is preferably a group as defined below. 
In one embodiment, is preferably H. 

In one embodiment, is preferably C3.7 cycloalkyi, preferably cyclopropyl or 
cyclobutyl, more preferably cyclopropyl, whereby cycloalkyi may be substituted with 1 
^ or 2, preferably 1, of halogen; CN; OH; NH2 COOH; C(0)NH2; or S(0)2NH?, more 
preferably COOH or C(0)NH2. 

In one embodiment, is preferably heterocycle. whereby heterocycle may be 
.substituted with 1-3, preferably 1 or 2, substituents selected from halogen, CN. O-C1-4 
alkyl, Ci-4 alky! or S(0)2CH3; preferably, the heterocycle is aromatic, more preferably 
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containing 1 or 2 heteroatoms selected from -N and 6, most preferably N. Particularly 
prefen-ed is pyridyl. 

In one embodiment, is preferably heterocycle, more preferably an aromatic 
lieterocycle, containing preferably 1 to 4 N, such as tetrazolyl. 

5 

- Y-T is N(Ci^ alkyl)-T, preferably N(methyl)-T, and T is In this case, is 
preferably a group as defined below. 

In one embodiment, is preferably aikyi, preferably methyl or ethyl, whereby 
10 methyl may be substituted with 1 or 2 F and ethyl may be substituted with 1 to 4, 
preferably 3, F. 

In one embodiment, T" is preferably C3-7 cycloalkyl. preferably cyclopropyl or 
cyclobutyl, more preferably cyclopropyl, whereby cycloalkyl may be substituted with 1 
or 2. preferably 1, of halogen; CN; OH; NH2 COOH; C(0)NH2; or S(0)2NH2, more 
15 preferably COOH or C(0)NH2. 

- Y-T is O-T and T is l\ In this case, is preferably a group as defined below. 

In one embodiment. is preferably H. 
20 In one embodiment, is preferably C,^ alkyi, preferably methyl or ethyl, whereby 
methyl may be substituted with 1 or 2 F and ethyl may be substituted with 1 to 4, 
preferably 3, F. 

In the pase that Y contains the group R^** the following Is prefen-ed in embodiments: 
.25 When is T^-T^ and represents -C1.6 alkyI and t is T^-T^ and represents -C,^ alkyI, 
alkyl-O- or -0,^ alkyl-N(R'=)-. then R^" and T may form together a 3 to 7 

membered cyclic group, preferably a 5 or 6 membered cyclic group, which contains 1 N 

and optionally 1 further O or N, whereby this cyclic group may be further substituted. 

Examples of the cyclic group include piperidino, piperazine and morpholino. Prefen-ed 
S& substituents on the cyclic group include C(0)-C^^ alkyI, preferably C(0)-Me and S{0)2- 

Cm alkyI, preferably S(0)2-Me. 



The following embodiments are prefen-ed for A: 



35 
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in H first embodiment. A is C3.7 cycloalkyi which is as defined above. 

• . jecortd embodiment A is phenyl which is as defined above. In this embodiment, i 
, ',ie p.eferably together 

(NH)-Ci.6 allcyt-C3-7 cycloalkyi; 
^ 'NH)-C3v cycloalkyi; or 

'^Vphanyl; wherein in the definition of Y-T 

♦henyl is optionally substituted with one, or independently from each other, 
.iiore of 
halogen; 

COCH; 
OH; 

:;(0)NH2;or 
l^'(n)2NH2; 

^. / jycloalkyl is optionally substituted with one. or independently from each 
iher. iHore of 
"Itlogen; 
CN; 
OH; 

O, where the ring is at least partially saturated; 
?>!H2 

eoOH; - • ; . ' 

C{0)NH2;or . . 

S(0)2NH2. 

vVhen A is phenyl, this ring is preferably formed by and R^. 
When A is phenyl, then Y-T are preferably together 

(N|-1)-Ci.6 alkyt-phenyl; wherein in the definition of Y-T phenyl is unsubstituted, 
'\\\rC embodiment A is heterocycle which 'S as defined above. 
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When A is heterocyde. this ring is preferably fomied by R» and When and R^ 
form a ring A, it is preferably not an aromatic heterocycle. 

When A is heterocycle. it is in one embodiment a non-aromatic ring which is fully or 
partially saturated or unsaturated. In one embodiment, it is selected from furan. 
thiophene. pyn-ole. pyrroHne. imidazole, imidazoline, pyrazole. pyrazoline, oxazole; 
oxazoline. isoxazole. isoxazoline. thiazole. thiazoline. isothiazole. isothiazoline. 
thiadiazole, thiadiazollne. tetrahydrofuran, tetrahydrothiophene, pyrrolidine^ 
imidazolidine. pyrazolldine. oxazolidine. isoxazolidine. thiazolidine, isothiazolidine. 
thiadiazolldine. sulfolane. pyran. dihydropyran. tetrahydropyran. imidazolidine. 
pyrimidine, piperazlne. 

Compounds of the formula (I) or (la) in which some or all of the above-mentioned 
groups have the preferred or more preferred meanings are also an object of the 
present invention. 

Preferred embodiments of the compounds according to present invention are shown in 
formula (lla) to (lie). 



(Ila) 




NH2 Q 




(lib) 
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NHj 



The follcvwng compounds are also preferred: 
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f'urthermore, the present invention provides prodrug compounds of the compounds of 
the invention as described above. 

"Prodrug compound" means a derivative that is converted into a . compound according 
vn the present invention by a reaction vyith an enzyme, gastiic acid or the like under a 
physiological condition in the living body, e.g. by oxidation, reduction, hydrolysis or the 
like, each of which Is carried out enzymatically. Examples of the prodnjg are 
compounds, v/herein the amino group in a compound of the present invention is 
acylated, alkylated or phosphorylated to form, e.g., eicosanoylamino, alanylamino, 
pivaloyloxymethylamino or whe-ein the hydroxy! group is acylated, alkylated, 
10 phosphorylated or converted into the borate, e.g. acetyloxy; palmitoyloxy, pivaloyioxy, 
succinyloxy, fumaryloxy, alanyloxy or wherein the carboxyl group is esterified or 
amidated. These compounds can be produced from compounds , of the present 
invention according to well-known methods. 

15 Metabolites of compounds of formula (I) or (la) are also within the scope of the present 
invention. 

Where tautomerisrn, like e,g. keto-enoi tautomerism, of compounds of general fomiula 
(I) or (la) or their prodrugs may occur, the individual fomns, like e.g. the keto and enol 
20 form, are claimed separately and together as mixtures in any ratio. Same applies for 
stereoisomers, like e.g. enantiomers, cis/trahs isomers, confoi'mers and the like. 
If desired, isomers can be separated by methods well known in the art, e.g. by liquid 
vhromatography. Same applies for enantiomers by using e.g. chiral stationary phasies. . 
Additionally, enantiomers may be Isolated by converting them into diastereomers, i.e. • 
coupling with ah enantiomerically pure auxfliary compound, subsequent separation of 
the resulting diastereomers and cleavage of the auxiliary residue. Alternatively, any 
-vnanticmer of a compound of formula (I) or (la) may be obtained from stereoselective 
synthesis using optically pure starting materials. 

,rj In case the compounds according to fonnula (I) or (la) contain one or more acidic or 
basic groups, the invention also comprises their corresponding pharmaceuticglly or 
toxicologically acceptable salts, in particular their pharmaceutically utilizable salts. 
Thus, the compounds of the formula (I) or (la) which contain acidic groups can be 
; ;resent on these groups and can be used according '.to the invention, for example, as 
alkali metal salts, alkaline earth metal salts or as ammonium salts. More precise 
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examples of such salts Include sodium/salts., potassium salts, calcium salts. 
„,agnesium safts or salts with ammonia or organic amines such as. for example, 
ethylamine. ethanolamine. triethanolamine or amino acids. Compounds of the fom^ula 
(n or (la) which contain one or more bas|c groups, i.e. groups'which can be protonated. 
= can be present and can be used according to the invention in the fomi of their addition 
salts with inorganic or organic acids. Examples for suitable acids include hydrogen 
chloride hydrogen bromide, phosphoric acid, sulfuric acid, nitric acid, methanesulfonic 
acid p-toluenesulfonic acid, naphthalenedisulfonic acids, oxalic acid, acetic aod. 
tartaric acid, lactic acid, salicylic acid, benzoic acid, formic acid, propionic add. pivallc 
0 acid diethylacetic acid, malonic acid, succinic acid, pimelic acid, fumaric acid. maIeK: 
acid' malic acid, sulfaminic acid, phenyipropionic acid, gluconic acid, ascorbic acid, 
isonicotinic acid, citric acid, adipic acid, and other acids known to the person skilled .n 
. the art If the compounds of the fom^ula (1) or (la) simurtaneously contain acidic and 
basic groups in the molecule, the invention also Indudes. in addition to the salt forms 
.5 mentioned, inner salts or betaines (zwitterions). The respective salts according to the 
fcTT^ula (1) or (la) can be obtained by customary methods which are known to the 
person skilled in the art like, for example by contacting these With an organic or 
inorganic acW or base in a solvent or dispersant. or by anion, exdiange or cation 
exchange with other salts. The present invention also Jndudes all salts of the 
20 compounds of the fomiula (I) or (la) whidi. owing to low physiological compatibility, are 
not directly suitable for use in pharmaceuticals but which can be used, for example, as 
intemiedlates for chemical reactions or for the preparation of pharmaceutically 
acceptable salts. 

25- The present Invention provides compounds of general Tomiula (I) or (la) or their 
prodrugs as DPP-IV inhibitors. DPP-IV is a cell surface protein that has been 
implicated in a wide range of biological functions. It has a broad tissue distribution 
(intestine, kidney, liver, pancreas, placenta, thymus, spleen, epithelial cells, vascular 
endothelium, lymphoid and myeloid cells, semm), and distinct tissue and cell-type 

30 expression levels. DPP-IV is identical to the T cell activation mari<er CD26. and it can 
cleave a number of immunoregulatory. endocrine, and neurological peptides ,n vrtro. 
This has suggested a potential role for this peptidase in a variety of disease processes. 

DPP-IV related diseases are described in more detail In WO-A-OS/ISI under the 
35 paragraph "Utilities" which is herewith incorporated by reference. 
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Accordingly, the present, invention provides compounds of foimula (I) or (la) or their 
prodmgs or pharmaceutically acceptable salt thereof for u.sf> as --x medicament. 

Furthemnore, the present invention provides the use of compounds of formula (I) or (la) 
or their prodrugs or a phamiaceutically acceptable salt thereof for the manufacture of a 
medicament for the treatment or prophylaxis of non-insulin dependent (Type II) 
diabetes mellitus; hyperglycemia; obesity; insulin resistance; lipid disorders; 
dyslipidemia; hyperlipidemia; hypertriglyceridemia; hypercholestrerolemia; low HDL; 
high LDL; atherosclerosis; growth homrione deficiency; diseases related to the immune 
response; HIV infection- neutropenia; neuronal disorders; anxiety; depression; tumor 
metastasis; benign prostatic hypertrophy; gingivitis; hypertension; osteoporosis; 
diseases related to spenn motility; low glucose tolerance; insuih resistance; ist 
sequelae; vascular restenosis; initable towel syndrome; inflammatory bowel disease; 
including Crohn's disease, and ulcerative* colrtjs; other inflammatory conditions; 
pancreatitis; abdominal obesit^r, neurodegenerative djsease; retinopathy; nephropathy; 
neuropathy; Syndrome X; ovarian hyperandrogenism (polycystic ovarian syndrome; 
Type n diabetes; or growth homnone deficiency. Preferred Js non-insulin dependent 
(Type II) diabetes mellitus and obesity. 

The present invention provides phamnaceutical compositions comprising a compound 
of fpnnula (I) or (la), or a prodrug compound thereof, or a pharmaceutically acceptable 
isalt thereof as active ingredient together with a pharmaceutically acceptable earner. 

"Pharmaceutical composition" means one or more active ingredients, and one or more 
inert ingredients that make up the earner, as well as. any product which results, directly 
t;r indirectly, from combination, complexation. or aggregation of any two or more of the 
ingredients, or from dissociation of one or more of the ingredients, or from other types 
of reactions or interactions of one or more of the ingredients. Accordingly, the 
phamiaceutical compositions of the present invention encompass any composition 
made by admixing a compound of the present invention and a pharmaceutically 
acceptable carrier. 



PCT/EP2004/014039 

WO 2005/056013 ^ 

.♦•.n nf ihe dresent invention may additionally comprise one 

or more other compounaa inhibitors. 
„,,.r.„,a(l)orOa),or.prodn^-2r rc^3/181 under *e pa^Praph 

■Comblnaton Therapy « pp;^ ^gon^te; 

cmer acfve "^^^i (PTP-1B) inhibitor; insulin a,^ ir>su,,n 
.^uao^e,-, P.O* ^7'^^;^ r^" „ Letagogues; a^lucoeldase InNbHore; 

glucagon .eceptor ^"^^^^^^ ' p^^AP, PACAP mime*s, and PACAP 

GIF, GlPmlmetos, and GIP receptor ag h^q^a reductase Inhibitors; 

.eceptor 3 agonist, cholesterol '^^ .'f * "."^ pp^Ra agonists. 

3e,ues.an.s; n«nyl "H^^: aL^rp^on, acy. CoA : cholesterol 
pPARoly dual agonists; "*"^'^ °[^^^ compounds: an 

, :rrart=:rt:— .ents . Phar^ceu^cany 
acceptable salts Of these active compounds. 

r^tohte .salts'" refers to salts prepared from 

,0 acids and organic bases or acids. 

- — :s:rr I— L^^^^^^^^ 

(including subcutaneous. '"<«™^==*' administration, although the most 

„ (naea, or ^^^^^^ „.ure and se^dty o, *e 
„ suitable n,ute In any given <=a^ " ^ They may be 

— rp:r::^nri.::e::idpreparedbyanyo.theme^s^ 

knownintheattofphamiacy. 

, . the con.pounds of fonhula (I) or (ia) can be combined as the active 
3, in P^chcal use T^"^^ , p^^^^oeutical carHer a.«>rding to oonvenhonal 
ingredient in intimate admixture w, P ^^^^^ 

pharmaceut.--o^«;;~^^^^^ 

aepending on the ^^ ^^'^^^ ,„ oral dosage form, any C *,e 

„ l - ^s. .r e^mple, .te. glyods. 
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The compounds of formula (I) of the present invention can be prepared from beta 
amino acid intermediates such as those of formula (III) and substituted amine 
;ntermediates such as those of fonnula (IV). using standard peptide coupling 
i'onditions. The preparation of these intermediates is described in the following 
r^m<=is. 




Some .obreviations that may appear in this application are as follows: 
ABBREVIATIONS 



Des ignat ion 

jjs Broad singfet 

Boc(orBOC) ferf-Butoxycarbonyl 

DCM Dichloromethane 

Die Diisopropylcarbodiimide 

□lEA Diisopropylethylamine 

□MF A/,A/-Dimethylfonnamide • 

EQC 1 -Ethyl-3-(3-dimethylaminopropyt)carbodi!mide hydrochloride 

EtsN Triethylamine 

Prnoc g-Fluorenylmethoxycarbdnyl 

HATU O-{7-Azaben20tria20l-1-yl)-W,A/,W;A/'-tetramethyluronium 

hexafluorophosphate 

HOBt 1 -Hydroxybenzotriazole 

j^PLC High pressure liquid chromatography 

PG Protecting group 

Retention time 

*BuOH fert-Butanol 

jPA Trifluoroacetic acid = 
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Unless otherwise indicated in tlie schemes, the variables have the same meaning as 
described above. 

5 

Beta amino acids intemnediates canying a suitable protecting group (PG) may be 
commercially available, known in the literature or may be conveniently synthesized by 
a variety of methods familiar to those skilled in the art. Routes to these type of 
compounds are reviewed in Cole, Tetrahedron, 32, 9517 (1994). Juaristl et al., 
10 Aldrichchimica Acta, 27. 3 (1994) and Juaristl, Enantioselective Synthesis of .p-Amino 
Acids. Ed. Wiley-VCH. New York, 1 997. 

In particular, 3-amino-4-(2.4.5-triflubro-phenyl>"butyric acid may be synthesized by a 
variety of methods as reported in the patent applications WO 2004069162, WO 
2004064778, WO 2004037169, WO 2004032836 and in the articles JACS, 126. 3048 
15 (2004) and JACS, 126,9918(2004). 

Compounds of formula (IV) may be purchased from commercially available sources or 
may be synthesized by one skilled in the art. Scheme A exemplarily illustrates a route 
for the synthesis of intemiediates (IV) where the residue -Y-T is -N(R^^T). A suitably 

2C protected acid (IVa), commercially available or synthesized by familiar methods, is 
employed in a standard peptide coupling reaction. For example, coupling can be 
performed with 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDO). 1- 
hydroxybenzotriazole (HOBt) and diisopropylethylamine (DIEA) in A/,A/- 
dimethylformamide (DMF) or another suitable solvent. The protection group is removed 

25 utilizing methods as described in* the literature such as treatment with trifluoroacetic 
acid in case of Boc. In some cases the coupling products may be further modified by 
manipulation of substituents on -NR'^'^T. These manipulations may include, but are not 
limited to, hydrolysis, acylation, alkylation. reduction, oxidation and other reactions 
which are known to those skilled in the art. 
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Scheme A 




Compounds of formula I may be prepared by coupling oT the intemiediates of formulas 
Mil) and (IV) under standard peptide ceuplihg conditions, reagents and protecting 
groups and subsequent removal of the protecting group as depicted exemplarily for 
compounds of the fomiula (1) in scheme B. As outlined ^bove, 1-ethyl-3-(3- 
dimethylaminopropy!)-carbodiim.ide hydrochloride (EDC), 1 -hydroxybenzotriazole 
(HOBt ; and diisopropylethylamine (DIEA) may be used in the coupling, Whereas the 
removal of the protection group can be performed, for example, with trifjuoroacetic acid 
in the case of Boc. 
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Scheme B 




(I) 



Coupling products may, in some cases, be further modified by manipulation of 
substituents on Y-T, These manipulations may include, but are not limited to, 
hydrolysis, acylation, alkylation, reduction, oxidation and dther. reactions which are 
known to those skilled in the art. 

Alternatively, for- compounds with -Y-T = -NH2 a. route that is illustrated in scheme C 
may be particularly applicable. A suitably protected, Fmoc for example, acid (IVa) is" 
coupled to Rink amide resin (Pol) under standard conditions. The protecting group is 
removed with 20% piperidine in DMF In the case of Fmoc, for example, and the 
resulting amine treated with intermediate (III) under peptide coupling conditions. For 
the example PG' = Boc deprolection and cleavage from. the resin are achieved 
conveniently in one step to give the primary amide. 



wo 2005/056013 



32 



PCT/EP2004/014039 



Scheme C 



Pol— NH,+PG- 




Die. DMF 

or other peptide coupling 
X1,X2 : ^ 




deprotectlon ^A^" 
70% piperidine/DMF for PG = Fmoc HN 
^ I. — fi — X\ X2 




PG' 



Die, DMF 

or other peptide coupling 




1 . deprotectlon 

2. cleavage. 95%TFA . 
for PG = Boc one step only 





X1.X? 



10 



For the purification of intermediates or final products, flash chromatography on silica 
gel may be suitable for the free amines whereas the use of preparative HPLC leads to 
the isolation of the corresponding trifiuoroacetic add salts or formate salts. 
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Compounds may be prepared by other means however, and the suggested starting 
materials and procedures described below are exemplary only and should not be 
considered as limiting the scope of the invention. 

• S' Unless otherwise noted, all non-aqueous reactions were carried out under argon 
atmosphere with commercial dry solvents. Compounds were purified using flash 
column chromatography using Merck silica gel 60 (230-400 mesh) or reverse phase 
preparative HPLC using a Reprosil-Pur ODS3, 5 ym, 20 x 125 mm column with 
Shimadzu LC8A-Pump and SPD-10Avp UVA/is diode an-ay detector. The ''H-NM.R 

10 spectra were recorded on a Varian VXR-S (300 MHz for ^H-NMR) using de- 
dimethylsulfoxide as solvent; chemical shifts are reported in ppm relative to 
tetramethylsilane. Analytical LC/MS was performed using Reprosil-Pur ODS3, 5 pM, 1 
X 60 mm columns with a linear gradient from 5% to 95% acetonitrile in water (0.1% 
TFA or formic acid) at a flow rate of 250 pL/min; retention times are given in minutes. 

15 Methods are: 

(I) runs on a LCIOAdvp-Pump (Shimadzu) with SPD-MIOAvp UVA/is diode array 
detector and QP2010 MS-detector in ESI+ modus with UV-detection at 214, 254 and 
275 nm, 10 min. linear gradient (II) idem but 5 min. linear gradient; (111) runs on a 
LCIOAdvp-Pufnp (Shimadzu) with SPD-IOAvp dual wavelength UV-detector and 

20 . QP2010 MS-detector in ESI+ modus with UV-detection at 214 and 254 nm, 10 min. 
linear gradient; (IV) idem but 5 min. linear gradient; (V) runs on a LC10Advp-Pump 
(Shimadzu) with SPD-IOAvp dual wavelength UV-detector and QP2010 MS-detector in 
ESI+ modus with UV-detection at 214 and 254 nm, 8 min. with a linear gradient from 
10% to 60% acetonitrile in water (0.1% TFA or formic acid), then 4 min at 99%; (VI) 

25 mns on a LCIOAdvp-Pump (Shimadzu) with SPD-IOAvp dual wavelength UV-detector 
and QP2010 MS-detector in ESI+ modus with UV-detection at 214 and 254 nm, 8 min. 
with a linear gradient from 1% to 30% acetonitrile in water (0,1% TFA or formic acid), 
then 4 min at 99%. 

Analytical chiral separation was peri'omned on a DAICEL Chiralpak AD-K 4.6mm x 
30 250mm with a linear gradient from 50% to 5% heptane in ethanol (0.1% DEA) at a flow 
rate of 0.7 mLVmin. The analytical chiral runs are performed by T = 22"C and p=112 
bar (ca. 20 bars postcolumn from MS ESl-capillary. 

The LC/MS system was equipped in the standard analytical set-up, i.e. 2 pumps, mixer 
and 2|j1 sample-loop at the injector. Post-column, the semi-micro UV-cell was used and 
35 then a ca. 1 :2 splitter to achieve a flow to the MS of appr. 300-400 pl/min (ESI+). 
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Preparative ohiral separation was performed on a DAICEL Chiralpak AD-H 20mm x 
250mm plus guard-column AD-H 10 mm X 20 mm with a linear gradient from 50% to 
^% h^^ptane \r ethanol (0.1% DEA) at a flow rate of 7 mL/min. 

EXAMPLES 

The following examples show representative compounds and their synthesis. Howevei. 
they are for purposes of illustration only and should not be construed as limiting the 
invention in any way. 

PREPARATIONS 

Example 1 



Step1 




(3SV3-CarbaniovK3.4-dihvdro-1HHSoauinoline-2-carboxvlic acid terf-butvl ester 
A mixture of 40 mg (0.14 mmol) (S)-2-(>ert-butoxycarbonyl)-1, 2,3,4- 
tetrahydroisoquinoline-3-carboxylic acid, 31 mg (0.16 mmol) 1-ethyl-3-(3- 
dimethylaminopropyl)-carbodiimide hydrochloride (EDC). 22 mg (0.16 mmol) 1- 
nydroxybenzotriazole (HOBt) and 50 \iL (0.28 mmol) diisopropylethylamine (DIEA) in 3 
mL A/,A/-dimethylformamide is stin-ed at room temperature for 10 min before 1 mL (0.5 
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mmol) of a solution of ammonia in dioxane (0.5M) is added and stirring continued 
overnight. The solution is diluted with 50 mL ethyl acetate, washed sequentially with 5 
% citric acid, saturated aqueous sodium bicarbonate solution, and brine and dried over 
sodium sulphate. The solvent is removed under vacuum to give the title compound. 
LCMS (II) rt 2.37, m/z 340 (M+Na+CHaCN)*. 

Step 2 . 



O 




l^2,3.4-TetrahvdroHSoquinoline"^3S)-3-carboxvlic acide amide, trifluor oacetate salt 
30 mg (0.1 1 mmol) of the product from step 1 are dissolved in 1 mL of dichloromethane 
and 0.5 mL of trifluoroacetic acid are added'. The solution, is stirred for 30 min at room 
temperature and the solvents removed under reduced pressure. The crude material is 
taken directly to the next step. 
LCMS (IV) rt 1.53. m/z 21 8 (M+H+CH3CN)*. 



Step 3 




NH2 
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p,((?P V3-Carbamovl-3.4-dihvclro-1 H-isoQuinoliner2-vl V 1 -(2 •fluorO"benzvl)-3--oxo- 
prnp Yl]-carbamic acid tert-butvl ester * 

'Vo a solution of 25 mg (0.085 mmol) Boc-(R)-3-amino-4-(2-fiuoix)phenyi)-butyric acid ;ri 
mL A/,A/-dimethylformamide is added 18 mg (0.094 mmol) of 1rethyI-3-(3- 

3 dimethylaminopropyO-carbodiimide hydrochloride (EDC), 15 mg (0.094 mmol) 1- 
nydroxybenzotriazole (HOBt) and 57 pL (0.33 mmol) diisopropylethylamine (DIEA) and 
^^er 5 min the crude material from step 2 (0.11 mmol) dissolved in 1 mL A/,A/- 
dlmethylformamide. The mixture is stirred ovemight at room temperature and diluted 
with ethyl acetate. The organic phase is washed sequentially with 5 % citric acid, 

io saturated aqueous sodium bicarbonate solution, and brine, dried over sodium sulphate 
and concentrated under vacuum. Purification by flash chromatography (silica gel, 
:.;yclohexane to ethyl acetate) affords the title compound. 
LCMS (il) rt 2.77, m/z 478 (M+Na)*. 

Step 4 




70 

v4(3P )-3-Amino-4-r2-fluoro-DhfinviVbutvrvlV1.2.3.4-tetrahvdroHSoaut non 
narbox ylic amide, tr'rfluoroacetate salt 

30 mg (0.066 mmol) of the product from step 3 are dissolved in 2 mL dichloromethane 
and 1 mL of trifluoroacetic acid is added. The mixture is stinted for 30 min and the 
25 solvent evaporated under vacuum. Filtration through a short plug of silica ge! 
(dichloromethane to 5 % methanol in dichloromethane) affords the title compound. 
I CMS (IV) rt 2.77, m/z 356 (M+H)\ 

^H-NMR (300 MHz, DMSO-de) 5 = 2.68 - 3.20 (m. 4H), 3.69 - 3.85 (m, 2H), 4.37 - 4.69 
(m, 3H), 4.93 (m. 1 H), 6 86 (bs, 1 H). 7.05 - 7.49 (m, 8H), 7.86 (bs. 4H). 
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Example 2 



5 

Step1 




10 {3SV3>Ben?vicarl3amQyi-3.4-dihvdro--1H-isoauino[ine-2-carboxvlic acid tertbutvl ester 
A mixture of 100 mg (0.34 mmol) (S)-2-(tert-butp)cycarbonyl)-1, 2,3,4- 
tetrahydroisoqulnollne-3-carboxylic acid, 71 mg (0.37 mmol) 1'ethyl-3-(3- 
dimethylaminopropyl>carbodiimide Inydrochloride (EDC), 59 mg (0.43 mmol) 1- 
hydroxybenzotriazole (HOBt) and 228 pL (1.31 mmol) dilsopropylethylamine (DIEA) in 

15 5 mL /S/,A/-dimethylfonnamide is stirred at room temperature for 10 min before 73 |jL 
(0.67 mmol) benzylamine are added and stimng continued overnight. The solution is 
diluted with 50 mL ethyl acetate, washed sequentially with 5 % citric acid, saturated 
aqueous sodium bicarbonate solution, and brine and dried over sodium sulphate. The 
solvent is removed under vacuum and the crude material , purified by flash 

20 chromatography (silica gel, cyclohexane to 30% ethyl acetate in cyclohexane) to afford 
the title compound. 

LCMS (IV) rt 2.95, m/z 308 (M+H-boc+CHaCN)^ 
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S;tep 2 




(3SV1.2.3.4-T e trahvciro-iso cuir.'Oline-3 -carbQxvlic acid benz ylamide. trifluoroacetate 
salt 

The title compound is prepared according the procedure in step 2 from example 1 and 
taken directly to the next step. 




^rnnyjlpa rb^mic acid tcrt^butv! ester 

Obtained from the material from step 2 employing the procedure of step 3 foi example 

•1 

i .CMS (II) rt 3 28. m/z 546 ^M+H)*. 



.'■;-t8p 4 
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O 




9- pRVAminQ-4-f2-fluoro-DhenvlVb utvrvlV1.2.3.4-tetrahvdro-isoa^ 
5 carboxvlic arJd benzylamide. trtfluoroacetate salt 

The title compound is prepared from the material of step 3 following the procedure for 
step 4 outlined for example 1 . 
LCMS (11) rt 2.38. m/z 446 (M+Hf. 

^H-NMR in part (300 MHz, DMSO-de) 5 = 2 J4 - 3.15 (m, 5H), 3.24 (dd, J = 3.5 Hz, J = 
10 15.5 Hz. 1H), 3.78 (m, 1H), 3.98 (dd, J = 5.5 Hz. J = 16.0 Hz. 1H). 4.24 (dd, J = 5.9 Hz, 
J = 15.6 Hz, 1H). 4.57 (m, 2H), 4.99 (dd. J = 3.8 Hz, J = 5,7 Hz, 1H), 6.66 - 6:72 (m. 
2H), 7,06 - 7 40 (m, 11H), 7.86 (bs. 3H). 8.12 (t, J = 6.0 Hz, IH). " 



15 

Example 3 




9- r(3/?)-3-Amino>4-f2-fluoro-phenvl)-butvrvl1>1.2.3.4-tetrahvdroHSoquinoline-(1SV1- 
20 carboxvlic acid amide, trifluoroacetate salt 

40 mg Rink Amide Novagel (loading 0.6 mmol/g - 0.024 mmol) are briefly swollen in 
/\/,A/-dimethylfonnamide and drained. A solution of 42 mg (0.11 mmol) Fmoc-L- 
tetrahydroisoquinoline-l-carboxylic acid and 21 pL (0.15 mmol) diisopropylcarbodiimide 
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%fli in m-Dhenvl j-butvrvIM .2.3.4-tetrahvdro-isoauin o line-3-carb oxvnc acid 
/pvridiri-2 vImethvlVamide. trifluoroacetate salt 

.-.1 mg (0.039 mmo!) of the product from step 3 are dissolved iji 1 mL dichloiomethane 
and 0.5 ml- of trif luoFoacetic acid is added. The mixture is stirred for 30 min and the 
solvent evaporated under vacuum. Filtration through a short plug of silica gel 
(dichioromethane to 5% methanol in dichloromethane) yields the title compound. 
CMS (II) rt 1 .73, m/z 447 (M+H)*. 
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8 




(IV) rt 2.43. m/z 
464 (M+H)*.. 


^H-NMR (300 MHz, DMSO- 
de) 5 = 2.72 - 3.34 (m. 6H), 
2H overiap with the water 
peak, 4.19-4.35 (rn, 1H). 
4.50 - 4.61 (m, 2H). 4.68 - 
4.75 and 4.93-5.00 (2m, 
1H). 6.48 - 6.60 (m, 2H), 
6.85- 6.97 (m. 1H), 7.06- 
7.41 (m. 9H), 7.90 (bs. 3H). 
8.13 - 8.21 (m, 0.7 H), 8.31 
- 8.38 (m. 0.3H). 


9 


Y . 


(IV) rt 2.14. m/z 
397 (M+H)*. 


'H-NMR (300 MHz, DMSO- 
6b) 5 = 0.15-0.28 (m, 2H). 
0;47 - 0.57 (m. 2H), 2.37 - 
2.46 (m. 1H). 2.66 - 3.11 
(m, 6H), 3.65 - 3.83 (m. 
1H). 4.35 - 4.68 (m, 2H), 
4.80-4.83 (m, 1H), 7.07- 
7.20 (m, 6H). 7.26 - 7.38 
(m. 2H). 7.67 - 7.98 (m, 
3H). 


10 


X) 


(IV) rt 2.14, m/z 
412 (M+H)*. 


'H-NMR (300 MHz, DMSO- 
de) 5 = 0.18 - 0.28 (m, 2H). 
0.48 - 0.59 (m, 2H), 2.37- 
2,52 (m, 1H). 2.68 - 3.13 
(m, 6H), 1H overlaps with 
ins waier *t.ou / o 
(m, 2H), 4.78 - 4.82 (m, 
IN), 7.11 - 7.19 (m, 4H), 
7.23 - 7.39 (m, 4H), 7.69 - 
7.88 (m. 4H). 
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o^NH ; 

isiH, O ^ 




(iV) rt 2.23, m/z 
438 (M+Hf. 



NH, Q ^ 




OH 



NH, O ^ : . 



(IV)rt1.94. tti/z 
370.(M-i-Hr. . 



'H-NMR (300 MHz. DMSO- 
de) 5 = 2.70 •- 3.18 (m, 6H). 
3.65 - 3.80. (m, 3H) 4.39 - 
4:70 (m. 2H), 4.92 - 4.95 
(m. 1H). 7.08 - 7.20 (m, 
6H). 7.25 - 7.38 (m. 2H), 
7.88 (bs, 3H), 8.32 - 8.36 
(m. 0.8H). 8.51 - 8.57 (m. 
0.2H). 



'H-NMR (300 MHz, DMSO- 
ds) 5 = 2.39 (d, 3H). 2.66 - 



1 3.24 (m, FH), =1.68 - 3,84 
(rr... 1H), 4.09 - 4.22 (m. 
2H), 4.34 - 4 74 (m, 2H), 
4.90 - 4.93 (iTi, 1H), 7.08- 
7.40 (m, 8H), 7.57 - 7.65 
(m. 0.8 H), 7.74 - 7.96 (m, 
32K). 



(II) rt 2.08.; m/z 
426 (M+H)*. 




¥l-NMR(300 MHz, DM30- 
de) 5 = 2.77 - 3.37 (m. 8H), 
3.66 - 3.84 (m, 1H), 4.09- 

4.22 (m, 2H), 4.36 - 4.70 
(m. 3H), 4.84 - 4.91 {m, 
1H), 7.08-7.20 (m, 6H), 

7.23 - 7.38 (m. 2H), 7.85- 
7.99 (m. 3.7H). S.U ■ 8.18 
(m, 0.3H). 
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NH, 



oHN^O 



(V) rt 2.88^ m/z 
.439 (M+H)*. 



M-TNMR (300 MHz. DMSO- 
d6).6 = 0.43 - 0.68 (m. 2H). 
1.08 - 1.17 (m. 2H), 2.68- 
3.10 (m, 6H), 1H overlaps 
with the water signal, 4.34 
- 4.71 (m. 3H), 6.22 - 6.34 
(bs. 0.5H), 6.86 - 6.95 (bs, 
0.5H). 7.07 - 7.23 (m, 6H). 
7.28 - 7.39 (m. 2H). 7.75- 
7.94 (bs. 3H). 8.24 (s, 
.0,8H), 8.31 (s. p.2H). 



o=s 

o V^" 



(V) ,rt 3.49. m/z 
434 (M+H)*. 




H 

N-N 

/ W 



(V) rt 3.14, m/z 
424 (M+H)*. 




'H-NMR (300 MHz, DMSO- 
de) 5 =2.79-3.31 (m, 6H). 
3.75 (m. 1H), 4.51 - 4.74 
(m, 2H). 4.97 - 5.07 (m, 
1H), 7.05-7.39 (m, 6H), 
7.77-7.97 (m, 3H). 
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24 


^ 0 

T k 


Y 

,NH 

C 

0 


(IV) rt 2.Q7. m/z 
396 (M+H)*. 


'H-NMR (300 MHz. DMSO- 
de) 5 = 0,15-0.29 (m. 2H). 
0.43-0.52 (m. 2H), 2.33- 
2.52. (m, 1H), 2.61 - 3.13 
(m, 6H), 3.65-3.80 (m. 1H), 
4.27 - 4.52 (m, 2H), 4.73 - 
4.79 (m, 1H). 7.08-7.16 
(m. 6H). 7.22 - 7.39 (m, 
2H), 7.69-8.05 (m. 4H). 


25 




(V) rt 3.56, m/z 
457 (M+H)*. 


'H-NMR (300 MHz. DMSO- 
de) 5: - 0.44 - 0.66 (m. 2H), 
1.08 - 1,20 (m, 2H). 2.70 - 
3.11 (m, 6H), 3.64 •• 3.81 
(m, 1H), 4.38 - 4.75 (m, 
3H). 6.27 - 6.37 (DS, O.on;, 
6.92-6.98 (bs, 0.5H), 7.10 
- 7.41 (m, 8H), 7 J8 -7 .88 
(bs/3H), 8.28 (s, 0.2H). 
8.32 (s. 0.2H). 




Steps 1 and 2 
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3,4-DihyclrO"1H-isoquinoline-2,3-dicarboxylic acid 2-tert-butyl ester (50 mg, 0.18 mmol) 
is dissolved in 2 mL of methanol and 15 ^iL (0.20 mmol) thionylchloride are added. The 
5 solution is stin-ed at room temperature overnight. The solvent is evaporated under 
reduced pressure. 

The crude material is dissolved in 2 mL of a 4 N HGI solution in dioxane. The solution is 
stirred at room temperature for 2 h, the solvent is evaporated under reduced pressure 
and the crude material is used in the next step without further purification/ 
10 LC/MS (IV) rt 1.72, m/z 192 (IV1+H)^ 



Steps 




boc^ 



O 



20 



2-[3-tert-Butoxycarbony1amino-4-(2-fluoro-phenyl)-butyryl]-1,2,3,4-tetrahydro- 
Isoquinoline-S-carboxylic acid methyl ester 

Obtained from 1,2,3,4-Tetrahydro-isoquinoline-3-cart)oxylic acid methyl ester and Boc- 
(R)-3-amino-4-(2-fluoro-phenyl)-butyric acid according to the procedure described for 
step 3 in example 1. 
LCMS (II) rt 3.30, m/z 471 (M+H)*. 



25 



Step 4 
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IJOH 



NH O ^ 



THF 





tert-Birtoxyoarbonylamino-4-(2-fluoro-phenyl)-bu{yryl]-1 .2.3,4-tetrahydro- 
isoquinolirie-3-carboxylic acid 

2-[3-teit-Butoxycarbcnylamino-4-(2-fiuoro-phenyl)-butyryIl-1,2.3.4-tetrahydro- 
isoquinoline-3-ce.rboxylir acid methyl ester (1 1 mg. 0.023 mmol) is dissolved in 1 mL 
THf- and 46 \iL cf a 2N solution of lithium hydroxide in water is added at O 'C. The 
reaction is stirred by room temperature overnight and another 40 jiL of a 2N solution of 
lithium hydroxide in water are added. The solution is.stin-ed by room temperature' one 
day. the solvent is evaporated under reduced pressure and. the crude product is used 
in the next step without further purification. 
LC/MS(l!)it2..-52. 4r.7(M+Hr. 



Step C 



NH2 O ^ 




2iiAmh2zlt2igiL"-'-"- P'^^"^'^-'^^^^ 
aniri, trifluoroacetate salt 

Obtained from the product from step 4 according to the procedure described for step 4 
■ -() in example 1. 

■ '?1VIS (iV) rt 1 .98, m/z 357 (M+Hf. 

^H-NMR (300 MHz. DMSO-dg) 5 =-2.68 - 3.25 (m. 6H). 3.71 - 3.78 (m, 1H). 4.34 - 4.69 
(m, 2H). 4.87 - 4.90 and 5.10 • 5.'i4 (2rT.: 1H). 6.08 - 6.22 {m. 6H). 7.25 •• 7.38 (m, 
. 2H), 7.84- 8.00 (m,3H). 

2^ 
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gYample 27 



OH 



'6 • . ^ 

step 1 




10 l-Amino-cvclopropanecarboxvlic a cid methvl ester 

1-Amino-cyclopropanecarboxylic acid (100 mg, 0.99 mmol) is dissolved in 100 mL of 
dry methanol and 73 |iL (1.00 mmol) thionylchloride are added. The solution is stirred 
at room temperature overnight. The solvent is evaporated under reduced pressure and 
the crude material is used in the next step without further purification. 

15 • " . . 

Step 2 




20 1 ■MethoxVcarbonvl-cyctoproDvlcarbamovl V3.4-dihvdro-1 H'-isoauino line"2-carboxvlic 
add ter t-butvl ester 



wo 2005/056013 



54 



PCT/EP2004/014039 



Obtained from the product from step I according to the proc^dcue- Jt^ecribea for step 
in example 1 . 

LC/MS(ll)rtl50,397(M+H+Nar. 



: lep 3 

O 




ij£i^9^/l ^Tfit!ahvdro-i$^^ ^ 

rppthy' ftgtAr, trifltjoroacetate salt 

Obtained from the product from step 2 according to Oie procedure desorihed for step 2 
in example 1. 

LC/MS{ll)1.86.275(M+Hr. 
Steps 4, 5 and 6 



OH 




r.f{2--(3-Amlno-4-f2-fluorn-phenvlVbutvrvn-1.2 . 3.4-tetrahvdro- isoa 
amino Vcvclopropanecarboxvlic acid, trifluoroacetate salt 

Obtained from the product from step 3 according to the procedure described for step 3- 

5 in example 26. 
LC/MS(ll)rt2,08,440(M+Hr. 
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^H-NMR (300 MHz. DMSO-de) 5 = 0.60-0.78 (m, 2H), 1.16-1.29 (m, 2H), 2.66-3.18 (m, 
6H). 3.71-3.80 (m. 1H). 4.32-4.76 (m, 2H), 4.93-4.96 (m, 1H). 7.07-7.21 (m. 6H), 
7.24-7.34 (m. 2H). 7.87 (bs. 3H). 8.26 (s, 0.7H). 8.49 (s, 0.3H). . 

5 Example 28 




10 

;^^PYririin-2-vicarbamovtV3.4-dihvdro-1H-isoouinQline-2-ca rboxvlic acid tert-butvl ester 
A mixture of 20 mg (0.07 mmol) 3,4-Dihydrb-il-l-isoquinbline-2,3Tdicarboxylic acid 2- 
tert-butyl ester (Boc-TIC-OH). 30 mg (0.08 mmol). N,N,N',N'-T6tramethyl-0-(7- 
azabenzotriazol-1-yl)uronlum hexafluorophospliate (HATU), 10 mg (0.11 mmol) 2- 

15 aminopyridlrie and 25 [il (0.14 mmol) diisopropylethyiamine (DIEA) in 2 mL N.N- 
dimethylformamide is stin-ed at room temperature overnight. The solution is diluted with 
50 mL ethyl acetate, washed with saturated aqueous, sodium carbonate solution and 
dried over sodium sulphate. The solvent is removed by reduced pressure. Purification 
by flash chromatography (silica gel, cyclohexane to ethyl acetate) affords the title 

20 compound. 

LCMS (II) rt 2.40. m/z 354 (M+H)+. 
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Step 2-4 




9 4?-ArTiino-4-(2-fjuoro-Dher.vlVbutvrvl1-1.2.3.4-tetrah vdroHsoauinoline-3rCia^^ acid 
nvridin-2-vlamide. trifluo roacetate salt 

Obtained from the product from step 1 according to the procedures described for steps 
2-4 in example 1. 

LCMS (II) rt 2.05, m/z 433 (M+H)*. 
Example 29 




H 



Step 1 




■':t, 4-Risfhvdrp vvmp-thvl^Dvridine 
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Sodium borohydride (8.5 g, 225 mmol) is dissoived in ethanol (130 mL) and diethyl 
3.4-pyridinedicarboxylate (10 g, 45 mmol) is added in portions to the solution under 
ice-cooling. The resulting mixture is refluxed overnight. After ethanol (130 mL) has 
. been added to the hot reaction nriixture, insoluble matter is rernoved by filltration while 
5 the diluted mixture is still hot. The filtrate is concentrated under reduced pressure. The 
obtained residue is purified by column chromatography (silica gel, 
dichloromethane/methanol/NH40H =100:10:1) to give the title compound. 
LCMS (II) rt 0.29. m/z 140 (M+H)*. 

10 Step 2 




3 ,4^Blsfchloromethvltovridine 

Thionyl chloride (30 mL) is added to a solution of 3,4-bis(hydroxymethyl)pyridine (5.68 
g, 41 mmol) in dichloromethane (15 mL) at 0 X, and then the resulting mixture is 
refluxed for 1 hour. After having been cooled to room temperature, the reaction mixture 

20 is concentrated under reduced pressure and the crude product is dissolved in a 
saturated aqueous solution of sodium hydrogen, carbonate, and extracted with ethyl 
acetate. The organic layer is washed with brine, dried over magnesium sulphate, and 
concentrated under reduced pressure. The obtained residue is purifed by column 
chromatography (silica gel. 0% to 10% ethyl acetate in cyclohexane) to give the title 

25 compound. 

LCMS (II) rt 1.63. m/z 176 (M+H)*. 



30 
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.Step 3 




2-f2-Acetvi '::z;^.4-tetrahvdrO " i'2;/lriaDhthvridin-3-vlVmalontL; acid die thyl ester and 2- 

.2.3.44etraiiYdro-[2.61nanhthvridin-3--v!Vmalonic acid diethy l, ester 
Diethyl acetamidomalonate (934 mg, 4.3 mmol) and sodium hydride (60%, 343 mg, 
mmol) are successlyely added at room temperature to a solution of 5,4- 
L)is(chloromethyl)pyridine (757 mg, 4,30 mmol) (step 2) in dichlorometharie (4 mL). and 
the resulting mixture is stirred at room temperature for 30 min. Further sodium hydride 
(60%, 171 mg, 4.30 mmoi) is added to the reaction mixture, and then the resulting 
mixture is stirred at room temperature overnight. The reaction mixture is diluted with 
water (500 mL) and extracted wifn ethyl acetate. Ttie organic layer is washed with 
'oriiie, dried, over magnesium sulphate and concentrated under reduced pressure. The 
oil obtained is purified with column chromatography (silica gel, 0% to 10% methanol in 
ethyl acetate) to give a 1 :8 mixture of the regiolsomer Mtle compounds, 
LCMS (II) rt 1 .64, tnir 321 (M+H)*. 
Major isomer. 

^H-NMR (300 MHz;, DMSO-d^) 5 1.08 (t, 6H). 2.19 (s. 3H). 3,34 (s. 2H). 4.07 (q, 4H). 
4 7 1 (s, .2H), 7.26 - 7,28 (m., 1 H), 8.38 - 8.40 (m, 2H). , 
Minor isomer: 

(300 MHz, DMSO-da) 5 = 1.18 (m. 6H). 1.92 (s, 3H), 4.09- 4.16 (m, 4H), 8.45 
(m. 2H) "Pie othe,'- signals overlao with the signals of the major isomer. 



Step 4 



wo 2005/056013 



59 



PCT/EP2004/014039 




5 . l,2,3,4-Tetrahydro-[2.7]naphthyridine-3-carboxylic acid and 1 ,2,3.4-Tetrahydro- 
[2,6]naphthyridine-3-carboxyljc acid 

Hydrochloric acid (6 N, 4 mL) is added to a mixture of 2-(2-acetyl-1.2,3.4-tetrahydro- 
[2,7]naphtliyridin-3-yl)-malonic acid diethyl ester and 2-(2-acetyl-1 ,2.3,4-tetrahydro- 
[2,6]naphthyridin-3-yl)-malonic acid diethyl ester (440 mg, 137 mmolj (step 3) and the 
10 resulting mixture is refluxed for 3 hours. After being codleil to room temperature, the 
reaction mixture is concentrated under reduced pressure. The crude product is used in 
the next step without further purification. 
LCMS (II) rtO.25. m/z 179 (M+H)*. 

15 Step 5 




1.2.3,4-Tetrahydro-[2.7lnaphthyridine-3-carboxylic acid methyl . ester and 1,2.3,4- 
Tetrahydro-[2.6]naphthyridine-3-carboxylic acid methyl eMer . 

Thionyl chloride (625 mg, 1.75 mmol) in 3.2 mL of dry methanol is added at room 
temperature to a mixture of 1,2,3.4-tetrahydro-[2,7]naphthyridine-3-carboxyIjc acid and 
1,2,3,4-tetrahydro-[2,6]naphthyridine-3-carboxyIic acid (320 mg, 1.75 mmol) and then 
the resulting mixture is refluxed overnight. After having been cooled to room 
temperature, the reaction mixture is concentrated under reduced pressure. Dioxane (25 
mL) is added to the obtained residue, and then the resulting rhixture is concentrated 
under reduced pressure to give a mixture of the title compounds. 
LCMS (II) rt 0.26, m/z 193 (M+H)\ 
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Step 6 



I 




9-.[a4ert >3utoxvcarbonvlamlno-4~(2-fluoro-Dhenvn-buWrvn-1.2.3.^^^^^ 
|2 ,7|naDhthyridine-3-carbQXvlic acid methvl ester and 2-r3-tert-Butoxvc arbonvlarnino-4> 
(2-fluQro-DhanYh-butvrvlV1 .2.3.44etrahvdro-r2.6 inaDhthvridine -3-carboxvlic acid methyl 
ester 



To a solution of 112 mg (0.38 mmol) Boc-(R)-3-amino-4-{2-fluoro-phenyl)-but/ric Sicid 
In 1 mL dichloromethane 79 mg (0.41 mmol). 1-athyl-3-(3-dimethylaminopropyl)- 
carbodiimlde hydrochloride (EDC), 56 mg (0.41 mmol) 1-hydroxybenzotriazole (HOBt) 
and 197 \iL (1.13 mmol) diisopropylethyiamine (DIEA) are added and after 30 minutes 
the crude material from step 5 (0.14 mmol). The mixture is stirred overnight at room 
temperature and concentrated under reduced pressure: The crude product is used in 
the next step witiiout further purification. 
LCMS (II) rt2.56, m/z 472 (M+H)* 



wo 2005/056013 PCT/EP2004/014039 

61 

Step? 




^■■f3-tert-ButQxvcarbonvlamino-4-r2-fluoro-DhenvlVbutvrvlV1, 2.3.4^^^ 
p, 7]naphthvrid!ne-3-carbQxvlic acid and 243-tert-Buto)0/carbo hvlamino-4^2-fluoro- 
phenvlVbutyrvlV1.2.3.4-tetrahvdro42.61naDhthvridine-3-'carbox^^ acid 
The crude material from step 6 (504 mg, 1.07 mmol) is dissolved in 2.1 mL THF and 
2.1 mL of a 2N solution of lithium hydroxide in water is added. The reaction is stin-ed at 
room temperature overnight, the solvent is evaporated under reduced pressure and the 
crude product is used in the next step without further purification. 
LC/MS(ll)rt2.07,458(M+Hr. . , 



Steps 
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[3-(3-Cyclopropylcarbamoyl-3.4KJihydro-1H-I2,7]naphthyridin-2-yl>1K2-fluoro-^ 
3-oxo-propyl]-carbamic acid tert-butyl ester and [3-(3-Cycloprppylcarbamoy!-3,4- 
dihydro-1 H-[2,6]naphthyridin-2 -yl)-! -(2-fluoro-berizylV3-oxo-ppopyi]-carbamic acid tert- 
butyl ester 

Obtained from the product from step 7 according to the procedures described for step 6 
in tliis example using cyciopropylamine . 
LCMS (II) rt 2.17. m/z 497 (M+H)*. 

Step 9. 




15 
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9, p-Amino-4-f2-fluoro-DhftnvlVbLJNi^lV1 2 3 

rarhoxvlic add cvcloDropylamids. trif ltjnroacetate salt and 2-[3-Amino-4-(2-fluoro- 

phpn YlVbijWrvl1-1.2.3.4-tetrahYdrQ>r2.6lnaphthvridine>3-^^ _acid 

5 n ynloDroDVlamide. trifluoroacetate salt 



Obtained from the product from step 8 according to the procedures described for step 4 
in example 1 . The crude pruduct is purified by HPLC chromatography to give a mixture 
10 of the four isomers (2 regioisomer each as mixture of 2 diastereomers) as TFA-salts. 
LCMS (VI) rt 5.14 (only 1 peak for 4 isomers), m/z 397 (M+H)*. 

^H-NMR for mixture of 4 isomers (300 MHz. DMSO-de) 5 = 0.19-0.38 (m. 2H). 0.42- 
0.62 (m. 2H), 2.32-2.50 (m, 1H). 2.60-3.50 (m..6H). 3.48-3.67 (m. 1H), 4.35-5.18 (m. 
3H), 7.02-7.18 (m, 2H), 7.27-7.39 (m. 2H), 7.61-7.71 (m. 1H), 7.85-8.21 (m. 3H). 8.53- 
15 8.73. 

The 4 isomers (2 regioisomers with two diastereomers each) are separated via chiral 
HPLC. The retention times are as follows: . 

Isomer 1: 12.77 min; Isomer 2: 14.69 mln; Isomer 3: 21.87 min; Isomer 4: 32.66 min. 
20 The absolute configuration for the 4 isomers is not assigned. 

Example 30 




30 Step 1 
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fmoc 




: ^arbamovl-1.3-dihvdrQ-isoindole-2-garboxvlic acid tert-buM ester 

Obtained from 1,3-dihydro-isoindole-1,2-dicarboxylic acid 2-tert-bLityl ester according to 
the procedure descr ibed for step 1 in example 1 . 
LC/MS (IV) rt 2.90. 384 (M+H)^ 

Step 2 




2.3-Djhycjrc>1t-i'iRnindQle -1-carbc)Xvlic acid arnide . 

VCarbamoyl-1,3-dihydror-lsoindole-2-cacboxylic acid lert-butyl ester (step d) is 
- iu«pended in 2 mL of a 20% solution of diethylamirie in tetrahydrofuran. To the 
suspension drops of A/,N-dimethylfonnamide are added until complete dissolution of 
the solid. The solution is stirred until the starting material disappears on thin layer 
/.hrcinatography. The solvent is reTnoved under reducfed pressure. The cnjde product 
;s dissolved in ethyl acetate and extracted with a 5% HCI solution. The aqueous phase 
is basified to pH 8-9 and extracted with dichlorbmethane. The resulting organic layer 
»s dried over sodium sulphate and concentrated under reduced pressure The cmde 
naterial is taken directly to the next step. 
LCMS (II) rt 1 ,46, m/z 163 (M+H)* 

Step 3 and 4 



wo 2005/056013 PCT/EP2004/0 14039 

65 




9j g-AminQ-4-(2-fluoro-DhenvlVbutvrvl1-2.3-dih H-isoindole-l -carboxvlic acid 
amide, trifluoroacetate salt 

5 

Obtained from the product from step 2 according to the procedure described for step 3 

and step 4 in example 1. 
LC/MS (!l) rt 2:06. 342 (M+H)*. 

10 Further examples from this series are exemplified below: , 
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ASSAYS 

Inhibition of DPP-IV peptidase activity was monitored with a cpntinuous fluorimetric 
assay. This assay is based on the cleavage of the substrate Gly-Pro-AMC (Bachem) by 
5 DPP-IV, releasing free AMC. The assay is carried out in 96-well microtiterplates. m a 
total volume of 100 pL, compounds are preincubated with 50 pM DPP-IV employing a 
buffer containing 10mM Hepes, 150mM NaCI. 0.005% Tween 20 (pH 7.4). The reaction 
is started by the addition of 16 |jM substrate and the fluorescence of liberated AMC is 
detected for 10 minutes at 25 with a fluorescence reader (BMG-Fluostan BMG- 
iO Technologies) using an excitation wavelength of 370 nm and an emission wavelength 
of 450 nm. The final concentration of DMSO is 1 %. The inhibitory potential of the 
compounds were detemnined. DPP-IV activity assays were carried out with human and 
porcine DPP-IV (see below); both enzymes showed comparable activities-include. 

15 Soluble human DPP-IV tacking the transmembrane anchor (Gly31-Pro766) was 
expressed in a recombinant YEAST-strain as Pre-Pro-^alpha-mating fusion. The 
□ecreted product (rhuDPP-IV-Gly31-Pro766) was purified from fenmentation broth 
(>90% purrty) and used for inhouse screening. 
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In the table are listed the ICso values for inhibition of DPP-IV peptidase activity 
determined in assays as described above. The 1C50 values were grouped in 3 classes: 
a ^ 100 nM: b ^101 nM and < 1001 nM ; C ^1001 nM ^ 2000 nM; 



Example 


ICso 


1 


a 


2 


a 


3 


b 


4 


b 


5 


c 


6 


a 


7 


a 


8 


a 


9 


a 



Example 


ICso 


10 


a 


11 


a 


12 


a 


13 


a 


14 


a 


15 


a 


16 


a 


17 


a 


18 


a 



Example 


ICso 


19 


a 


20 


a 


21 


a 


22 


a 


23 


a 


24 


b 


25 


a 


26 


b 


27 


a 



Example 


ICso 


28 


a 


29 (Isomer 1) 


a 


29 (isomer 2) 


a 


29 (isomer 3) 


a 


29 (isomer 4) 


a 


30 


b 
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Claims 



1 . A compound of fonnule. (I) 



T 




O. 



Y 



(I) 



7^ • 



or a phajmaceutically acceptable salt thereof, wherein a dotted line indicates an 
optionally present double bond and wherein 

2! is selected from the group consisting of 

phenyl; 

i-iaphthyl; 

C3-7 cycloalkyi; 

fieterocycle; and 

lieterobicycle; 

wherftif 7 is optionally substituted with one. or indeppndentiy from each pther, more of 



CN; 
OH; 



"O, v/here the ring is at least partially saturated; 

C'i^ alkyi, optionally substituted with one or more R and 

0-Ci^ alkyi, optionally substituted with one or more F; 



i<\ R^, R^ are independently from each other selected from the group consisting of 



F; 

OH; 



s alkyI, optionally substituted with one or more F; and • 
O- Ci^ alkyI, optionally substituted with one or more F; 
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and/or and optionally form together C3.7 cycloalkyl. which is optionally substituted 
with one or more F; 

and/or R^ and R^ optionally form together C3.7 qycloalkyi, which is optionally substituted 
with one or more F; 

and/or R^ and R"* optionally form together O3.7 cycloalkyl, which is optionally substituted 
with one or more F; 

and/or R"^ and R^ optionally fomi together C3.7 cycloalkyl, which is optionally substituted 
with one or more F; 

R^ is H or C1-6 alkyi; 

n is 0, 1 or 2; 

XMs selected from the group consisting of 
F: 

OH; and 

C1.6 alkyi, optionally substituted with one or more F; . ' 

is selected from the group consisting of 

H; ' . . ' 

F; and 

C1-6 alkyI, optionally substituted with one or more f=; 

R^ and R^ form together a ring A, provided that is selected from the group consisting 

Qf H; F; OH; and C1-6 alkyl, optionally substituted with one or more F; 

or 

R^ and R^ form together a ring A, provided that R® is selected from the group consisting 
of H; F; OH; and alkyl, optionally substituted with one or more F; 

A is selected from the group consisting of 
phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 
other, more of 
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halogen; 
CN; 
COGH; 
OH; 

C(0)NH2; 
S(0)2NH2: 
Ci.6 alkyl; 

0- C« alkyl; 

; 00-Ci^ alkyl; 
• -XO)- alkyl; 
t^O)N(R^- Ci< alkyl; 
-^(0)2N(R'*')-Ci^ alkyl; 
S{0)rCi^ alkyl; or 
N(R")S(0)2-Ci-s alkyl; 

wherein each alkyl is optionally substituted witfi one or nfiore F; 

iieter-jcycle; and 
C3.7 rycloalkyi; 

wherein C3-7 cycloalkyi and heterocycle are optionally substituted, with one, or 

Independently from each other, more of 

halogen; 

CN; 

OH; 

=•^0, where the ring is at least partially saturated; 

1- QOH; " . 
G(0)NH2; 

S(0)2NH2; 
C,^ alkyl; 
0-Ci< alkyl; 
N(R^)-Ci< alkyl; 
COO-Ci^ alkyl; 
0C(0)- alkyl; 
C(0)N(R^°)- alkyl; 
N{R'')-C(0)-Cm aikyi; 
S(0)2N(R^'')-Ci^ alkyl; 
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S(0)rCi^ alkyi; or 
N(R^')S(0)2-Ci^alkyl; 

and wherein R^, R^^ R^\' R^^, are independently fronr, each other H.or alky) 
optionally substituted with one or more F; 

Yis -O- or-N(R'^)-; 

R^*, T are independently from each other T^-T^ or 

is selected from the group consisting of 
-C1-6 alkyi-; 
-S(0)2-Ci^ alkyI-; 
-Ci^ alkyl-D-; and . 
-Ci^alkyl-N(R^^K 

wherein each alkyi is optionally substituted with one or more F or OMe; 
R^® is H or alkyi, optionally substituted with one or more F; 
is selected from the group consisting of 

H; 

CF3; 
phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 

other, more of ' • 

halogen; 

CN; 

R^^ 

COOH; 

OH; 
' C(0)NH2; or 

S(0)2NH2; 
C3.7 cycloalkyi; and 
heterocycle; 

wherein C3.7 cycloalkyi and heterocycle are optionally substituted with one, or 
independently from each other, more of 
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halogen; 
CN; 
R"; 
OH; 

=0, where the ring is at least partially-saturaiecli 

NHz 

COOH; 

C(0)NH2; or 

SCOhNHz; 

When R^^ is T^-T^ and represents -Ci^ alkyi and T is T^-T^and represents -Ci^ alkyl. 
Ci-e alkyl-O or -Ci.6 alkyl-N{R^^)-. then R^^ and T may form together a 3 to 7 
membered cyclic group, which contains 1 N and of)tional!y 1 further O or N. whereby 
this cyclic group may be further substituted; 

;-<'^ is selected from the group consisting of 

Ci.s alkyl; 
)-Ci^ alkyl; 

()00-Ci-6 alkyl; 

OC(C)- alkyl; 

,;(0)N(R^®)-Gi^ alkyl; 

:40)2N(R'')-Ci,6 a!kyl; 

:q:0)-Ci-6 alkyl; 

3(0)rCi-6 alkyl; and 

N(R^^)vS(0)2"Ci,5 alkyl; 

wherein each Ci-6 alkyi is optionally substituted with one, or independently from 
each other, more of F. C00R2\ C(0)N(R22r23), f5(0)2N(R2^R25), OR^\ or 
N(R^R2^); 

1?^^ is selected from the group consisting of 

r.. 5 alkyl; 

r7.Ci.B alkyl; 

N(R^«)-Ci.6 alkyl; 

000-Ci^ alkyl; 

QC{Oy C\j6 alkyl; 
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C(0)N(R'> alkyi; 
. N(R^)-C(0)-Ci^, alkyl; 

S(0)2N(R2^)-Ci^ alkyI; 

S(0)-Ci^ alkyI; 

S(0)2-Ci^ alkyI; and 

N(R^)S(0)2-Ci<alkyl; 

wherein each alkyI is optionally substituted with one, or independently from 
each other, more of F, COOR^^, C(0)N(r2*R2^). S(0)2N(R28r2^). OR^^. or 
N(R''R^); 

R". R''. r2°, R'', R^^ R". R'*. R'', R^. R^', R'». R"". R"" are independently from each 
othefH or C14 alkyl. 

2. A compound according to claim 1 of formula (la) 



T 
I 




or a pharmaceutically acceptable salt thereof, wherein Z, R^-R®, n, X. Y and T have the 
meaning as indicated in claim 1 . 

3. A compound according to claim 1 or 2, wherein Z is phenyl or heterocycle and Z is 
optionally substituted independently from each other with up to 2 of CI, F; CN, or 
Ci-6 alkyl. 

4. A compound according to any one of the preceding claims, wherein R\ R^, R^ R^ 
are independently from each other selected from the group consisting of H, F. OH 
and alkyl. 

5. A compound according to any one of the preceding claims, wherein R^ is H. 
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•^•^ A compound according to any one of the preceding clainns, wherein n is 0 or 1. 

A compound according to any one of the preceding claims, wherein X' and are 
independently from each other H or F. 

8. A compound according to any one of the preceding claims, wherein and form 
together a ring A and R° is H or F. 

9. A compound according to any one of the preceding claims, wherein A is selected 
from the group consisting of 

phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 
other, more of 

•fdtogen; 

COOK, 
OH; 

-<))2NH2; 

,..e sikyi; 
, ~Ci-6 alkyl; 
^00-Ci^ alkyi; 
0C(0)- Ci.6 alkyl: 
C(0)NH • Clc alkyl; 
S(0)2NH-Ci^ alkyl; 

'.K<5)?-Ci^ alkyl; or ^ ^ 

[>IHS(C)2 Ci^ alkyl; 

and 

C3-/ cycloalkyi; 

wherein C3.7 cycloalkyi is optiondlly substituted with one, or Independently from 

each other, more of 

halogen; 

CN; 

OHr 
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=0, where the ring is at least partially saturated; 
NH2 
COOH; 
C(0)NH2: 
S(0)2NH2; 
Ci< alkyi; 
O-Ci^alkyl; 
NH-Ci^alkyl; 
COO-Ci^ alkyI; 
OC(Oh C1.6 alkyI; 
C(0)NH- aikyl; 
NH-C(0)-Ci^ alkyI; 
•■ S(0)2NH-Ci< alkyI; 
S(0)2-Ci^ alkyI; or 

NHS(0)2-Ci^ alkyI; - 

10. A compound according to any one of the preceding claims, wherein Y is -N(R^^)- 
andR^MsH. 

1 1 . A compound according to any one of the preceding claims, wherein T is and 
isH. 

12. A compound according to any one of the preceding claims, wherein is alkyl. 

13. A compound according to any-one of the preceding claim.s, wherein is selected 
from the group consisting of 

phenyl; 

wherein phenyl is optionally substituted with one, or independently from each 
other, more of 
halogen; 
. CN; 
COOH; 
OH; 

C(0)NH2;or 
siOhm: 
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and 

C3.7 cycloalkyi; 

wherein C3.7 cycloaikyi ir jptionally substituted witfi one, oi ln<lependeritly frorr 

viach other, more of ^ 

halogen; 

•--0, where the ring is at leas^. paitially saturated; 

NH2 

X)OH; 
-fO)NH2;or 

{0)2NH2. 



wo 2005/056013 PCT/EP2004/014039 

79 



14. A compound according to claim 1 selected from the group consisting of 





or a pharmaceutically acceptable selt of the above. 
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